Abstract. In this paper, there are two heavy duty vehicles that meet Euro VI emission standards are be analyzed. Two vehicles are equipped with different post-processing system. The first vehicle using DPF+SCR+DOC technology roadmap, the other one using EGR+DPF+SCR+DOC technology roadmap. This experiment is carried out using heavy-duty chassis dynamometer, and the vehicles which are set up different loads run C-WTVC driving cycle. Emissions test equipment using CVS full flow dilution sampling system measures vehicle emissions. This paper focuses on the analysis of gaseous pollutants and particles, and the effect of EGR technology for NOx emissions and the original engine emissions under different loads. Due to extremely low levels reached Euro VI emission standards. The results showed that THC, CO and PM, PN emissions largely unaffected by the different load. On the other hand, the load has a certain influence on NOx emissions. In addition, whether the vehicle uses EGR technology, the impact on vehicle emissions are different.
Introduction
When heavy-duty engine is operating for certification test, it is quite different between the Test cycle (C-WTVC) and actual operation of the vehicle. So, the engine emissions certification test can not reflect the real vehicle emission level of actual operation on road. It is necessary to develop appropriate vehicle emission standards to measure vehicle emission levels. China VI emission standards for HDV has decided to add the heavy-duty chassis dynamometer emissions testing methods. For vehicle emissions test, loading is an important parameter for the test, different loads inevitably cause changes in fuel consumption and emissions. So, it is important to research impact of different load on Euro VI heavy duty vehicles. Euro Stage VI-C standard require the test load is 50% to 60% of full load. Euro stage VI-D range the requirement load up to 10% to 100% [1] . The new Euro VI standard expanded the scope of load under certification test, indicating that Europe has also begun to pay attention to researching the impact of load setting on Euro VI heavy-duty vehicles emission. According to Fritz and Mathes, the relationship between HDV emissions and SCR characteristics has been analyzed, which found that the relationship between the vehicle load and initial operating point of SCR [2, 3] . Wang Yanjun from China Environmental Science Research Institute, has tested by PEMS to find the effects of emission factors on China stage Ⅲ HDV. NOx and particulate matter emissions increased nearly 90% under full load compared to no-load [4] . This paper mainly study on different load on gaseous and particulate pollutants. Currently, the technology roadmap of Euro IV emission levels on HDV is DOC+DPF+SCR+EGR and DOC+DP +SCR, the main difference is focused on whether to adopt EGR technology.
Test Equipment and Methods

Test Equipment
The experiments were operated on the chassis dynamometer test chamber, the test chamber equipment includes three parts: dynamometer system, transfer hub test system and CVS emission test systems. Figure 1 is a schematic view of the structure of the test systems. The heavy duty emission lab is equipped with heavy-duty 4WD chassis dynamometer made by MAHA Company, which is the first in China, the CVS meter made by AVL, aiming to test the emission, performance and durability of 8WD, 6WD or 4WD traditional and hybrid heavy-duty vehicles from 3.5 ton to 50 ton. Table 1 shows the main parameters of Chassis Dynamometer: Emissions Test Equipment: Gaseous Pollutant Emission Analyzer AVL AMAi60, AVL CVS i60, AVL PSS i60 and AVL 489.
Configuration of Test Vehicles
Test vehicles belong to N2, N3 categories of heavy commercial vehicles; Table 2 and Table 3 show the basic information of the vehicle. 
Test Methods
Since the China VI emission standards of heavy duty vehicles is not yet released, the test is carried out based on Limits and measurement methods for exhaust pollutants from compression ignition and gas fuelled positive ignition engines of vehicles (Stage VI of Beijing). Test using the test method of heavy-vehicle chassis dynamometer which provided the load resistance reflects the condition of the roads and air resistance. Vehicle load percentage is set to 100%, 75%, 50%, 25% and 0%. Using CVS measuring the emission of pollutants. Test using C-WTVC cycle which has been shown in Figure 2 . According to the actual road running resistance parameters, chassis dynamometer resistance is set after sliding on the chassis dynamometer. Each vehicle is tested 5 times based on different load. Before testing, the vehicle is fully warmed up when the coolant temperature reaches 70 °C. During the test, using CANalyser to obtain the engine speed, torque, the temperature of the exhaust gas, the EGR flow and other data via the vehicle OBD interface. 
Results
Analysis of Cycle Traceability
Traceability of target test cycle has large effects on the measurement results. If the cycle of lower traceability, test results are lack of convincing. In order to verify the validity of the test, comparing the tracking condition date to the target condition data for each test to analyze the correlation relationship. Figure 3 shows the correlation calculation, for each test condition monitoring as shown in the correlation coefficient R2 were 0.99 or more, which show effective condition monitoring. As it can be seen from Table 4 , 5, NOx emissions of two vehicles have certain trends. Vehicle 1, its NOx emissions is decreasing with increasing load, the overall trend was descending trend. Vehicle 2, firstly, its NOx emission increases as the load increased from 0% load to 25% load. Then, the NOx emission is no longer affected by increasing load.
Analysis of Results
Analysis and Discussion
NOx Emissions in Relation to the Exhaust Gas Temperature
To study the impact of different load on NOx emissions, firstly, analyzing the average exhaust temperature of SCR and the outlet NOx value. SCR outlet NOx values for all loads and average discharge temperature trend is basically the same, the trend shown in Figure 4 , using CANalyser to obtain the mount of urea injection, the beginning of injection position has been marked in the Figure  4 .
The SCR system starts working when the exhaust gas temperature close to 230 °C. At this point, Urea injection is started when the cycle proceeds to about 500 seconds. The average temperature of SCR are maintained at about 230 °C and above after500-second point. NOx concentration is approximately 40ppm before spraying urea, after the spray of urea, NOx values rapidly reduced to single-digit magnitude. Figure 5 shows the conversion efficiency of the SCR system of the vehicle under different temperatures. As can be seen from the Figure, the conversion efficiency increases as temperature increases before temperature reach 350 °C. When the temperature reaches 250 °C, the conversion efficiency can be over 90%. This efficiency continues until the temperature reaches 400 °C, the SCR conversion efficiency will sharply decline. The first half of the C-WTVC cycle make great contribution on NOx emissions after analyzing the SCR outlet NOx value and exhaust average temperature, this is because the SCR temperature has not reached the point of injection of urea, SCR system did not work. When the temperature approaching 250 °C, NOx emission values decreased rapidly, the value close to 0, which has been shown in Figure 4 . After data analysis, in the 500s before the urea spraying, which resulting the amount of NOx accounted for 85.2% of the entire cycle. Maximum instantaneous NOx concentration is 42 ppm; after urea spraying (duration time is 1300s), generating 14.8% NOx amount of the entire cycle. Maximum instantaneous concentration values are less than 5ppm. Figure 6 shows the required time that exhaust temperature of two vehicles rose to 250 °C at different loads. Compared the two vehicles, the required time for the exhaust temperature reaches 250 °C is different under each load. The required time of vehicle 2 is shorter than vehicle 1 under the same percentage of full load. While the load increasing, the shorter time is required for both vehicles. So the load can affect the rate of exhaust temperature rise, which impact the SCR system work point to influence the emissions. In addition, without EGR technology, vehicle 1 exhaust temperature rises slower, while the exhaust temperature of vehicle 2 that equipped EGR technology rises rapidly. Compared to vehicle 1, Exhaust temperature of vehicle 2 rise rate average increased 23.3%. Figure 7 is comparison of average exhaust temperature and NOx Emissions of two vehicles under different load. The average of exhaust temperature of vehicle 1 is rising as the load increase, while NOx emissions gradually decreased with increasing load. First, exhaust temperature of vehicle 2 rises as the load increases, and then dropped slightly. NOx emission trend is first increased and then keep stable.
The Relationship of NOx Emissions Trends and the Load
It can be seen in different load conditions, NOx emissions of vehicle 1 gradually reduced as the load increases and the exhaust gas temperature rises, which is in line with SCR conversion efficiency variation with temperature. The exhaust temperature of vehicle 2 is not keeping increase as the load increase; this is because vehicle 2 is equipped with EGR technology. Figure 8 shows the relationship between EGR average instantaneous flow and load changes of vehicle 2. Firstly, the EGR flow increases as the load rising, then tends to be decrease slightly. Since increasing the EGR flow will reduce the temperature of the exhaust gas. Therefore, in the case of load increases, due to the EGR flow, average exhaust temperature of vehicle 2 does not increase continually with the increase of the load. NOx emissions of vehicle 2 has also the same trend. 
Analysis of Original NOx Emissions
To further study the impact of the load on the NOx emissions, obtaining the import NOx value data via OBD interface, to analyze original NOx emissions of vehicle 1 and vehicle 2. Figure 9 shows the changes of original NOx value of two vehicles under different load. As can be seen from the figure, original NOx emissions of vehicle 2 is stabilized when the load is greater than 50%, while the original NOx emissions of vehicle 1 continue to increase with larger loads. This is due to the EGR technology used on vehicle 2, original NOx emissions will decrease as the EGR flow is raising. Figure 10 shows comparison chart of the particle mass and particle number of the two test vehicle emission varies with load, since the two vehicles are equipped with a wall-flow DPF; particulate matter regeneration mode is active plus passive. So, do active regeneration before each test, to prevent the DPF regeneration is carried out during the test, which will impact test results. Pollutant emissions of particulate matter is removed via DPF system. As can be seen from figure 10, there is no regular changes between PM and loads, as well as PN and loads.
Summary
1. Due to the extremely low levels of THC and CO emission of Euro VI engines, there is no significant regularity when compared with different loads.
2. Load affects the rate of temperature rise of SCR system, which influence the SCR system operating time point. Without EGR technology, the exhaust temperature rises slowly, on the contrary, with EGR technology, the exhaust temperature raises rapidly.
3. Using EGR technology, original NOx emissions of Euro VI heavy-vehicle will decrease as the EGR flow is increased, when the load is greater than 50%, original NOx emissions and the EGR flow remained stable. Without EGR technology vehicles, original NOx will be increasing with the increase of the load.
4. NOx emissions of Vehicle that is not equipped with EGR are reduced with increasing load; NOx emissions of Vehicle that is equipped with EGR slightly decrease with increasing loads.
5. For Euro VI vehicles, PM and PN is not directly related to the load changes
